Recent studies indicate that the nucleolus is not just a site of ribosome biogenesis. Intriguing links have been found between nucleolar components and the machinery that regulates the cell cycle.
Not long ago the nucleolus was considered to be no more than a subnuclear zone where the ribosomal (r)DNA is transcribed and ribosomes assembled from its rRNA and protein components. We have slowly come to understand that the 200 or so rRNA genes are not entirely uniform: only about half of the rDNA repeats are transcribed in yeast [1] and only one in five of the rDNA origins of replication fire in a given cell cycle [2] . Reporter genes integrated into yeast rDNA have frequently been found to be repressed [3, 4] ; this repression appears to reflect a cellular mechanism that keeps homologous recombination in check, clearly important for regions of the genome that contain multiple tandem repeats. Finally, it has been shown that uncontrolled rDNA recombination can generate hundreds of small circles, which segregate unequally as yeast cells divide. As mother cells accumulate extrachromosomal copies of the rDNA, their capacity to divide declines, a phenomenon that has been called 'cellular aging' [5] .
These observations have engendered provocative, yet enigmatic models in which the nucleolus plays an important role in regulating cellular life span in yeast. Recently, the nucleolus has leapt even further into the limelight: it now appears that this organelle is used to sequester and regulate both a phosphatase that controls telophase exit and a meiotic checkpoint protein.
At the core of these new discoveries about the nucleolus is one of the 'silent information regulatory' (Sir) proteins of yeast, Sir2. Sir2 is not only part of the repression complex at subtelomeric regions [6] , but also plays an essential part in the repression of rDNA repeats [4, 7] . Although a number of proteins have been shown to localize to the yeast nucleolus in a SIR2-dependent manner [7] [8] [9] , until recently there were no clues as to what might be responsible for the nucleolar localization of Sir2 itself. Two recent studies [10, 11] have identified a new component, Net1, that is complexed with the nucleolar fraction of Sir2 and turns out to be required for Sir2's association with rDNA.
Net1 and Sir2 were found to copurify as part of a larger complex when an appropriately tagged version of either protein was used as a fishing hook [10, 11] . The interaction of Sir2 with the rDNA was found to depend entirely on NET1, implying that the Net1 protein provides the sole pathway for the nucleolar anchoring of Sir2 [10] . Net1, however, still interacts with rDNA in a sir2 mutant strain, and in diploid yeast loss of one copy of NET1 affects silencing much more severely than loss of one copy of SIR2 [11] . Both Net1 and Sir2 are thus implicated in rDNA silencing.
Net1 also interacts with two other proteins, the phosphatase Cdc14 [10, 12] and a novel protein, Nan1 [10] . Cdc14, Net1, Sir2, and possibly Nan1, come together to form what has been dubbed the 'regulator of nucleolar silencing and telophase exit' or RENT complex. Although Net1 itself remains nucleolar throughout the cell-cycle, the RENT complex is destabilized at the end of anaphase; at this point, Cdc14 [10, 12] and part of Sir2 [11] are released and assume a more diffuse nuclear and cellular distribution.
This destabilization of the RENT complex appears to be a critical step in provoking exit from mitosis. In the proposed scheme of events, nucleolar sequestration of Cdc14 during most of the cell-cycle prevents it from acting upon Swi5 and Hct1, the dephosphorylation of which is thought to promote changes in the levels of two important cell-cycle regulatory proteins [13] . In particular, it promotes accumulation of the cyclin-dependent kinase inhibitor Sic1 and degradation of the mitotic cyclin Clb2, thereby extinguishing activity of Cdc28, the yeast cyclindependent kinase that drives entry into mitosis. The precise order of events that elicit the release of Cdc14 from the RENT complex and allow its redistribution at the anaphase-telophase transition are, however, unclear. Nucleolar Cdc14 is inactive as a phosphatase when it is part of the RENT complex, yet phosphorylated Net1 can also serve as a substrate for Cdc14, at least in vitro [10] . Thus an attractive feedback mechanism may regulate the system: RENT-bound, phosphorylated Net1 may release the active phosphatase, which in turn modifies Net1 to recreate its binding site.
As no mitotic cell-cycle defects have been noted in sir2 mutant strains, Sir2 might be part of the RENT complex fortuitously, using Net1 to anchor itself in the nucleolus. There is, however, one tentative indication that the presence Sir2 in the complex has a more subtle effect, contributing to the control of Cdc14 sequestration and release. The cell-cycle dependent release of Cdc14 from the RENT complex is normally also dependent on TEM1, which encodes another cell-cycle regulator. A mutant allele of NET1, net1-1, permits the release of Cdc14 from the nucleolus in a TEM1-independent manner; in net1-1 mutants, however, Cdc14 is no longer inactive as a phosphatase during its stay in the nucleolus [10] . Interestingly, this change in Cdc14 activity correlates at the biochemical level with a weakening of the interaction between Net1 and Sir2, rather than that between Net1 and Cdc14 interaction; this suggests that Sir2 may also be important for keeping Cdc14 sequestered in an inactive state.
The new findings contribute an exciting and unexpected twist to current models of how cell-cycle progression is controlled, but they also raise several important questions. Is the nucleolar sequestration of Cdc14 an evolutionary conserved mechanism to impose temporal control of its action on cell-cycle targets? Does the conservation of SIR2-like genes [14, 15] extend to a conserved role for Sir2 homologues in RENT complexes? Which structural proteins bind directly to the rDNA, and for which interactions is the repetitive nature of the locus inherently important?
Answers to these questions may shed light on what initially causes the rDNA to form a specific compartment or substructure. It is possible that Net1 exerts an effect on rDNA silencing through mechanisms other than its link to Sir2. Net1 may contribute to formation of rDNA structure and nucleolar integrity in a fundamental way, acting as a general tether for nucleolar proteins. In support of this possibility, Straight et al. [11] have reported that major nucleolar components, such as Nop1, also become dispersed throughout the nucleus in the absence of Net1.
Research initiating from a quite different direction points to yet another unexpected link between the structure of nucleolar chromatin and a cell-cycle checkpoint, this time in meiosis. PCH2 is a meiosis-specific yeast gene required for pachytene arrest in response to a defective synaptonemal complex component [9] . Like Sir2, Pch2 is required for repression of rDNA recombination, although only in meiosis. Before chromosome condensation is completed, Pch2 is detected in the nucleolus in a Sir2-dependent manner. Intriguingly, in the absence of either Pch2 or Sir2, another meiosis-specific, chromosomal structural protein, Hop1, relocates to the nucleolus from which it is normally excluded. Hop1 plays a role in pairing of homologues at meiosis [16] , thus providing one plausible explanation for the increase in meiotic recombination that is observed in pch2 and sir2 mutant strains.
What is the underlying mechanism that links these regulatory pathways? Does the repetitive nature of the rDNA provide a unique type of regulated binding site? Or are aspects of rDNA metabolism themselves regulating cellcycle events? Perhaps the juxtaposition of many repeated arrays provides a way of controlling pools of factors, a job which satellite DNA at centromeres or telomeres might play in other species. Time will tell what is really special about nucleolar space.
